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1 Introduction
In RAN1#77, it has been agreed as a working assumption that UE is able to receive simultaneously on the DL and UL spectrum in FDD carriers supporting D2D for communication but, may not be able to do that for discovery as seen in below table. Based on that, RAN1 sent LS to the other working groups (RAN2, RAN4 and SA2) to confirm on whether those assumptions are feasible in their perspective or not.
	Working assumption with a condition to reception of reply LSs:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· Send LS to RAN2, RAN4, and SA2
· RAN2: 
· To investigate impact on UE capability signalling of restriction on cellular operation when D2D is operated
· [Public safety UEs are assumed to be able to simultaneously perform cellular on DL carrier and D2D on associated UL carrier for FDD band]
· For discovery, non-public safety UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· There is no simultaneous operation of CA and D2D required for Rel-12 D2D communication if we assume 2 DL CA capable UEs
· RAN4:
· RAN1 asks feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band
· RAN1 asks feasibility and implication of single receiver chain switching between cellular spectrum and D2D reception associated UL spectrum for FDD band
· SA2:
· [Public safety UEs are assumed to be able to simultaneously perform cellular on one carrier and D2D on another carrier]


And also, following observations were also made relating to D2D operations on multi-carriers in Rel-12.
	Observations:

· From a PS perspective, the only multi-carrier scenario prioritized in Rel-12 consists of a UE roaming cellular on a VPLMN but performing D2D on PS spectrum
· For discovery, inter-PLMN monitoring is considered as the main target to introduce single receiver chain UE


This contribution focuses on D2D (e.g. discovery) and WAN coexistence especially for the D2D UEs with single receiver chain only in FDD carriers and additionally, provide our view on the support of inter-PLMN discovery in Rel-12.
2 D2D and WAN coexistence in FDD carriers
For D2D UEs that perform D2D in FDD carriers, the following four cases for D2D and WAN coexistence in Table 1 shall be considered. Among four cases, the Case 2 and 3 may be able to be covered by the working assumptions and agreements made by last RAN1 meetings [2]
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[3], even if there could be further considerations for the D2D UEs. And since case 4 is similar with current spectrum usage for uplink and downlink in LTE FDD system, it seems there is no significant issue regarding the D2D (Tx) and WAN (Rx) operations. 
Table 1: D2D and WAN Tx/Rx operations in FDD carrier

	
	DL spectrum
	UL spectrum

	Case 1
	WAN Rx
	D2D Rx

	Case 2
	-
	WAN Tx/D2D Rx

	Case 3
	-
	WAN Tx/D2D Tx

	Case 4
	WAN Rx
	D2D Tx


Meanwhile, in Case 1, at least for the discovery UEs that may not be able to receive simultaneously WAN and D2D signals on the DL and UL spectrum in FDD carriers, further considerations for WAN and D2D signal receptions shall be discussed in RAN1.
Case 1. WAN RX(DL spectrum) and D2D RX(UL spectrum) in FDD carriers:
In order to solve above issue, some rules need to be defined. For that, we see that TDM approach is only a solution based on RAN1 agreements, and how to make such a TDM will be the issue. In details, there can be several approaches for the TDM-based solutions as followings:
· Alt 1. It is not expected for D2D UEs to detect DL signals (e.g. (E)PDCCH) in any D2D subframes that can carry the D2D discovery signals.
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Figure 1: Example of Alt 1 method for Case 1
Alt 1 is a simplest approach to solve the issue. In this case, D2D UEs shall monitor all the D2D subframes configured for the discovery Rx resource pool, because they do not have the exact information of which D2D discovery resources D2D Tx UEs are used within a D2D discovery  resource pool. Thus, the reception of WAN DL signals may have potential confliction during the D2D subframes depending on the subframe configurations both for WAN and D2D, even if it is expected that less number of subframes for the D2D discovery are used compared to those for WAN.
· Alt 2. It is allowed to monitor WAN DL signals (e.g. (E)PDCCH) in some subframes during the D2D discovery subframes that are configured for the purpose of at least one among followings:
· Common control information (e.g. SI/Paging/RACH/TPC/MBMS)
· PBCH/PSS/SSS

· Measurement gaps
· Non-DRX 

· MBMS (if D2D discovery is supported to simultaneously perform with MBMS)
· Otherwise, D2D discovery is monitored within D2D discovery subframes.
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Figure 2: Example of Alt 2 method for Case 1
As an alternative approach, Alt 2 would provide more reliable radio link maintenance to WAN and effectively support the other LTE services (e.g. MBMS) over Alt 1. Since it allows receiving some important DL signals in DL spectrum for WAN during the subframes overlapped D2D discovery Rx resource pool, the D2D UEs can do perform effectively D2D discovery in cell coverage with the minimization of WAN impacts, and also there may be no needs for the eNB supporting D2D to strictly configure it to avoid the overlapped subframes between WAN maintenance and D2D discovery. However, depending on such subframe configurations (e.g. SI, paging, random access and so on) for WAN, the D2D UEs may miss the D2D discovery signals transmitted by D2D Tx UEs, that cause the additional delay of D2D discovery reception.
· Alt 3. It is expected to detect the D2D discovery signal only in D2D discovery monitoring subframes configured by eNB. Otherwise, DL signals (e.g. (E)PDCCH) are monitored within D2D discovery subframes.
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Figure 3: Example of Alt 3 method for Case 1
The main difference from Alt 3 over Alt 1/2 is that D2D discovery UEs can be configured to only monitor some D2D subframes that can be subset or all D2D subframes within a D2D discovery period as seen in Figure 3. In Figure 3, it is assumed that a D2D discovery resource set consists of the consecutive D2D discovery resources and there could be multiple D2D discovery resource sets in a D2D discovery period. 

This approach is beneficial especially for the D2D Rx UEs to reduce unnecessary D2D discovery monitoring in all D2D discovery subframes (if treating so) and provide an additional flexibility to effectively coordinate D2D discovery operation in cell-coverage by network signaling (for example, if necessary, network can enable some D2D discovery UEs to only receive the D2D discovery signals transmitted from intended D2D Tx UEs by allocating specific D2D discovery resources). Additionally, with this configuration, it can minimize the impacts of WAN DL reception with proper subframe configurations for Case 1.
In addition to above discussion, the time gaps may be needed for switching between WAN DL and D2D UL spectrum for the D2D discovery UEs that have a single receiver chain. Accordingly, at least for the D2D discovery UEs, it is suggested that RAN1 has a discussion on whether the time gap is needed or not and if necessary after RAN1 discussion, RAN4 can confirm it by sending a LS.
Proposal 1. It is proposed to discuss the TDM approaches (e.g. Alt 1/2/3) for the D2D discovery UEs that may not simultaneously receive both WAN and D2D in a subframe, and to confirm whether the time gap is needed for the switching between DL and UL spectrum for the reception.
Case 2/3. WAN Tx(UL spectrum) and D2D Rx/Tx(UL spectrum) in FDD carriers:
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Figure 4. Exceptional cases between UL WAN Tx and D2D Tx/Rx for Case 2
Regarding Case 2, RAN1 now has a working assumption as seen below that in a single UE perspective, UL WAN transmission is always prioritized over D2D transmission and/or reception and/or switching if conflicted. In results, the D2D UEs always can do UL WAN transmission in D2D discovery subframes so D2D discovery cannot be received if conflicted.  To reduce missing probability of D2D discovery signals, some exceptional cases in Case 2 and 3 can be considered that at least some WAN UL transmissions are de-prioritized over the reception of the D2D discovery signals, such as periodic SRS or CSI reporting for WAN scheduling. So, such WAN UL signals (e.g. periodic SRS or CSI) would be dropped but instead, the D2D discovery can be received or transmitted by the D2D UEs that means it may appropriately handle potential conflictions between the D2D discovery Tx/Rx and WAN Tx with this rule, and thus allow the D2D UEs to perform balanced D2D and WAN operations in a cell. And also for case 3, similar rule can be reused.
	RAN1#76
Working Assumption for both communication and discovery :

From the perspective of a single UE:

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized


As an addition consideration for Case 2 and 3, the method of DL HARQ-ACK transmission in UL spectrum on FDD carriers could be discussed for further optimization without significant specification impacts. 
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Figure 5. DL HARQ-ACK transmission with D2D discovery
There could be many conflicted subframes between D2D discovery Tx/Rx and WAN DL HARQ-ACK transmissions on UL spectrum in FDD carriers if no DL scheduling restriction. In this case, DL scheduling restriction shall be required to avoid such a confliction. However, the consideration of such a scheduling restriction can be avoided with a network signaling for DL HARQ timing as DL-reference UL-DL configuration. One alternative is to reuse new DL HARQ timing introduced for SCells (FDD) with self-scheduling in TDD-FDD CA Rel-12 (shown in Table 10.1.3A-1 in [4]). New introduced DL HARQ timing in Rel-12 can support HARQ-ACK transmissions for PDSCH scheduling in the all DL subframes in a radio frame and therefore, the one DL-reference UL-DL configuration in new DL HARQ timing can be configured without further specification works and potential conflictions of D2D discovery signals including those on inter-PLMN/carrier/cell. It is also possible to reuse TDD UL-DL configurations as a DL-reference UL-DL configuration like eIMTA and CA. Accordingly, with an additional signaling related to DL HARQ timing for D2D UEs, potential conflictions between WAN DL HARQ-ACK and D2D discovery signals can be reduced. 
Finally, in order to well operate D2D and WAN in the Case 2 and 3, it is proposed to discuss whether or what exceptional cases needs to be defined. More details about it can be studied after RAN1 discussion.

Regarding Case 4, it seems like current LTE operation that UL transmissions in UL spectrum and DL reception in DL spectrum in FDD carriers is performed. So, there is no problem for Case 4.
Proposal 2. For the case where at least periodic SRS/CSI reporting subframes or DL HARQ-ACK transmitted subframes are overlapped with D2D discovery subframes, it is proposed to additionally coordinate D2D and WAN coexistence with proposed considerations, on top of a rule on the WAN Tx prioritization over D2D Rx/Tx in Case 2 and 3.
3 Support of Inter-PLMN discovery

In this section we focus on support of D2D discovery across carriers that not operated by the same PLMN and typically uncoordinated. In this case, the D2D UEs with single receiver chain can be firstly considered as the main target scenario as discussed in [5]
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[6], if the inter-PLMN discovery is supported in Rel-12. 
During the Email discussion, RAN1 has discussed that some scenarios of inter-PLMN discovery would be necessary to extend D2D discovery functionality into the market, especially for the purpose of commercial usage (e.g. advertisement). About that, we think some operators inputs are beneficial to determine whether the inter-PLMN discovery in Rel-12 needs for support of their D2D discovery scenarios in future. However, it shall not introduce huge specification works in RAN1 and other working groups as well, considering Rel-12 time plan of D2D WI.
Proposal 3. The inter-PLMN discovery in Rel-12 can be supported assuming there is no significant specification works and implementation/test efforts for RAN WGs and additionally, some useful use cases of inter-PLMN discovery are confirmed by operators.

4 Conclusions

In this contribution, we provide our proposals about WAN and D2D coexistence and additionally some views about the support of inter-PLMN discovery in Rel-12. Finally, the following is proposed:
Proposal 1. It is proposed to discuss the TDM approaches (e.g. Alt 1/2/3) for the D2D discovery UEs that may not simultaneously receive both WAN and D2D in a subframe, and to confirm whether the time gap is needed for the switching between DL and UL spectrum for the reception.
Proposal 2. For the case where at least periodic SRS/CSI reporting subframes or DL HARQ-ACK transmitted subframes are overlapped with D2D discovery subframes, it is proposed to additionally coordinate D2D and WAN coexistence with proposed considerations, on top of a rule on the WAN Tx prioritization over D2D Rx/Tx in Case 2 and 3.
Proposal 3. The inter-PLMN discovery in Rel-12 can be supported assuming there is no significant specification works and implementation/test efforts for RAN WGs and additionally, some useful use cases of inter-PLMN discovery are confirmed by operators.
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